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FOREWORD TO FIRST EDITION

In clinical medicine to-day there is a growing demand for
adequate proof of the efficacy of this or that form of treat-
ment. Often proof can come only by means of a collection
of records of clinical trials devised on such a scale and in
such a form that statistically reliable conclusions can be
drawn from them. However great may be our aversion to
figures, we cannot escape the conclusion that the solution of
most of the problems of clinical or preventive medicine must
ultimately depend on them. Even those who pretend to
despise this method of approach find that any assessment
of success or failure which is based on fact rather than on
opinion must nearly always be expressed in some numerical
form—e.g. when the medical observer reports that he has
treated so many cases with a favourable result in such and
such a proportion, or the public health worker assesses the
attack-rate on a population inoculated against some infec-
tion. But often, unfortunately, the figures used are either
insufficient in number or documentation or too limited in
their scope to bear the weight of the interpretation that is
placed upon them. An additional difficulty is that few
medical men have been trained to interpret figures or to
analyse and test their meaning by even an elementary
statistical technique. We have reason to believe that there
is now a steadily increasing demand among both clinical and
public health workers for some knowledge of that technique
and a realisation that it is not much good collecting figures
more or less haphazardly and then to expect a professional
statistician to draw conclusions from them.

Acting upon this belief, last year we invited Dr. A. Brad-
ford Hill to prepare for our columns a series of short simple
articles on such methods as his experience of medical
statistics had shown him would be most useful in that
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iv PRINCIPLES OF MEDICAL STATISTICS

field. He has succeeded beyond our hopes in demon-
strating some of the ways in which investigations can be
planngd and figures derived from them can be analysed in
ord °r to vield fruitful results. He has chosen examples from
medical publications to illustrate both the types of problem
vith which the medical worker is faced and the kinds of
error he is most liable to make; and wherever possible he
has either avoided mathematical presentation of his material
or has led up to it so skilfully as to rob equations and even
square roots of their traditional horrors. This consideration
for those who are not mathematically minded has resulted
in an exceptionally clear exposition of a difficult subject.
We are happy to accede to the many requests we have re-
ceived for the reissue of these articles in book form.

Epitor oF “ THE LANCET”
June 1937



PREFACE TO SEVENTH EDITION

Two long sea voyages provided me with an opportunity to
give a great deal of uninterrupted reflection to this book
and, as a result. to make considerable changes in it. T have
added (I fear, the consequence of foo much leisure) three
new chapters, namely Chapters 11 and IV concerned with
the elements of sampling and the carrving out of scientifie
investigations, and Chapter XIX dealing with the problems
of defining and measuring sickness.  In some compensation
for this increase I have reduced the space previously given
to the standardisation of death-rates and have incorporated
its customary rates and indices in one chapter (NVII) instead
of the previous two

Other major revisions that | have thought it wise to make
include an extension of the section on graphs and diagrams
(Chapter V), the introduction of the = 77 test (Chapter XI1)
and of a y? test of the trend in a serics of percentages
(Chapter X1V), and a rather more detailed account of the
construction of a life table as a means of observing and
analysing the follow-up of a group ((‘hapter XVIIT). Addi-
tions to Chapter XX on Clinical Trials comprise a discussion
of trials made * within.” rather than " between,” patients,
and an emphagis on the importance of being wary of sub-
sequent exclusions of patients, for any reason. from originally
randomly constructed groups. 1 have also taken pleasure in
adding a few more ** fallacies and difficulties * (Chapters N X1
to XXIII) and in rearranging the examples in those three
chapters in a more logical order.

While making revisions on thig seale [ have also taken
the opportunity to alter the order of some of the chapters,
which, with succeeding editions, had become awry; ar
throughout the book I have rewritten many phrases and
sentences. With the increasing use of statistics in medicine

v



vi PRINCIPLES OF MEDICAL STATISTICS

1t is my hope that these many changes will not offend ol
friends and will enable the book to continue to aid newcomers
to the field—and to continue to aid them as much towards
clear ways of thinking as in the use of the simple methodology
that it expounds.

1 am greatly indebted to Dr. P. Armitage and Mr. 1. D.
Hill for reading my expanded text and for their advice and
criticisms. Contrary to custom, for the faults that remain I
trust sincerely that the reader may hold them largely respon-
sible. The values in the table of “ ¢ I extracted from the
Biometrika Tables for Statisticians and I am grateful to the
Biometrika Trustees for permission to do so.

A, BRADFORD HILL

January 1961



PREFACE TO FIRST EDITION

“ Statistics are curious things. They afford one of the few examples
in which the use, or abuss, of mathematical methods tends to induce a
strong emotional reaction in non-mathematical minds. This is becausc
statisticians apply, to problems in which we are interested, a technique
which we do not understand. It is exssperating, when we have studied
a problem by methods that we have spent laborious years in mastering,
to find our conclusions questionsd, and perhaps refuted, by someone
who could not have mede the observations himself. It requires more
equanimity than most of us possess to acknowladge that the fault is
in ourselves.'

TRESE are the opening words of a leading article which intro-
duced the chapters of this book to the readers of The Lancet,
where they appeared weekly during the first four months of 1937.
As a statisticlan 1 may be permitted to view the problem the
other way round. No statistician (in spite of views to the con-
trary) particularly enjoys refuting other workers’ conclusions,
especially when he knows that much patience and much hard
work have been expended in the collection of data. He has n
burning desire to be called in as an expert witness at the con-
clusion of the case for the plaintiff (on a subject-matter he may
not fully understand) to say that this is " significant " and that
is, statistically speaking, nonsense. It even requires some equa-
nimity to be unmoved when he is transferred to the dock on a
charge of being merely an armchair critic or a confirmed sceptie.
In other words, neither party to the transaction is partienlarly
happy.

There seems to me to be only one way of escape, The worker
in medical problems, in the field of clinical as well as preventive
medicine, must kimself know something of statistical technique,
both in experimental arrangements and in the interpretation of
figures. To enable him to acquirc =ome knowledge of this
technique I have tried to set #own as simply as possible the
statistical methods that experience has shown me to be most
helpful in the problems with which medical workers are con-
cerned. I have used examples taken from medical inquiries

vii



viii ~PRINCIPLES OF MEDICAL STATISTICS

in the attempt to make clear these methods of analysis, and have
scught to show by illustration where and why workers make
mistakes in their interpretation of ficures. 1 know that T have
been guilty of some repetition : my excuse is the repetition in
published papers of those elementary statistical errors which a
very little knowledge of statistics would be suflicient to prevent,

1 am much indebted to Professor Major Greenwood, F.R.S.,
Professor W, W. C. Topley, F RS, Dv . O Irwin, and Mr.
W. T. Russell, for reading the whole or part o the manuseript
or proofs. I have gained much from their criticisms. The
original articles were written for The Lancet at the suggestion o1
Dr. M. H. Kettle, and 1 owe a very ureas deal to her encourage-
ment and interest.

The table of \*is reproduced by kind permission of the author
and publishers from Statistical Methods for Research Workers, by
Professor R. A. Fisher. Se.D.. F.R.S. (6th edition. 1936, Oliver
& Boyd, Edinburgh and London).

A. BRADFORD HILL
June 1937
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I
THE AIM OF THE STATISTICAL METHOD

“Is the application of the numerical method to the subject-
matter of medicine a trivial and time-wasting ingenuity as
some hold, or is it an important stage in the development of
our art, as others proclaim ? "’ Whatever may have been
the reactions of medically qualified readers to that question,
propounded by the writer of an article on medical statistics
in 1921 (Lancet, 1, 985), it must be admitted that in sub-
sequent years there has been a continual and substantial
increase in the number of papers contributed to medical
journals of which the essence is largely statistical. Not
only has there developed an enhanced knowledge of, and
respect for, the national registers of life and death which
the Registrars-General of the United Kingdom (and similar
authorities in other countries) annually publish and analyse,
but there is an increasing number of workers who endeavour
to apply numerical methods of analysis to their records
obtained, by observation or experiment, in clinical and other
branches of medicine. Many such workers, however, have
had little or no training in statistical method, and many
of them find the more mathematical methods of the pro-
fessional statistician, as has been said, “ obscure and even
repellent.”” Often enough, indeed, the argument is put for-
ward that the use of such mathematical methods is quite
unjustifiable, that the accuracy of the original material is not
sufficient to bear the weight of the treatment meted out to it.
This assertion is not strictly logical. 1If a collection of figures
is worth a statistical analysis at all, it is, obviously, worth
the best form of statistical analysis—i.e. the form which
allows the maximum amount of information to be derived

from the data.
i



2 PRINCIPLES OF MEDICAL STATISTICS

Whether mathematical statistical methods are the best
form in particular cases, whether they are essential or may
be regarded as an unnecessary elaboration must turn rather
upon this question : Can we in any of the problems of medical
statistics reach satisfactory results by means of relatively
simple numerical methods only ? In other words : Can we
satisfactorily test hypotheses and draw deductions from data
that have been analysed by means of such simple methods ?
The answer is undoubtedly yes, that many of the figures
included today in medical papers can by relatively simple
statistical methods be made to yield information of value,
that where the yield iz rather less than that which might
be obtained by more erudite methods which are not at the
worker's command the best should not be made the enemy
of the good. and that even the simplest statistical analysis
carried out logically and carefully is an aid to clear thinking
with regard to the meaning and limitations of the original
records. If these conclusions are accepted, the guestion
immediately at issue becomes this : Are simple methods of
the interpretation of figures only a synonym for common
sense or do they involve an art or knowledge which can be
imparted ! Familiarity with medical statisties leads in-
evitably to the conclusion that common sense is nof enough.
Mistakes which when pointed out look extremely foolish are
quite frequently made by intelligent persons, and the same
mistakes, or types of mistakes, continue to crop up again
and again, There is often lacking what has been called a
 gtatistical tact, which is rather more than simple good
gense.”’ That iact the majority of persons must acquire
(with a minority it is undoubtedly innate) by a study of the
basic principles of statistical thought and method.

The object of this book is to discuss these basic principles
in an elementary way and to show, by representative ex-
amples taken from medical literature, how these principles
are frequently forgotten or ignored. There is no doubt that
the discussion will often appear too simple and that some of
the mistakes to which space is given will be thought too
futile to need attention. That such is not the case is revealed
by the recurrence of these mistakes and the neglect of hese
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elementary principles, a feature with which every professional
statistician is familiar in the papers submitted to him by
their authors for ** counsel’s opinion.”

Definition of Statistics

Whereas the laboratory worker can frequently exolude
variables in which he is not interested and confine his atten-
tion to one or more controlled factors at a time, the worker
in clinical or preventive medicine is often unable to experi-
ment and must inevitably use records which may be in-
fluenced by factors which he cannot control but have
essentially to be taken into account. The essence of the
statistical method lies in the elucidation of the effects of these
multiple causes. By statistics, therefore, we mean *‘ quan-
titative data affected to a marked extent by a multiplicity
of causes,”’ and by statistical method '‘ methods specially
adapted to the elucidation of quantitative data affected by a
multiplicity of causes” (Yule and Kendall, A» Introduction to
the Theory of Stalistics, Charles Griffin & Co., Ltd., London).

For example, suppose we have a number of children all
of whom have been in contact with measles and to a pro-
portion of them is given an injection of gamma globulin.
We wish to know whether the treatment prevents the de-
velopment of a clinical attack. It is possible that the risk
of developing an attack is influenced by age, by sex, by social
class and all that that denotes, by duration and intimacy of
contact, by general state of health. A statistical analysis
necesgitates attention to all these possible influences. We
must endeavour to equalise the groups we compare in every
possibly influential respect except in the one factor at issue
—namely, the treatment. 1f we have been unable to equalise
the groups ab inilio we must equalise them to the utmost
extent by the mode of analysis. As far as possible it is clear,
however, that we should endeavour to eliminate, or allow
for, these extraneous or disturbing causes when the observa-
tions are planned ; with such planning maybe we can deter-
mine not only whether the treatment is of value but whether
it is more efficacious at one age than another, etc. It is a
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serious mistake to rely upon the statistical method to
eliminate disturbing factors at the completion of the work.
No statistical method can compensate for badly planned
observations or for a badly planned experiment.

Planning and Interpretation of Experiments

It follows that the statistician may be able to advise upon
the statistical lines an experiment such as that referred to
above should follow. Elaborate experiments can be planned
in which quite a number of factors can be taken into account
statistically at the same time (see, for example, Experimenial
Designs by W. G. Cochran and G. M. Cox and Planning of
Ezxperiments by D. R. Cox). It is not the intention to discuss
these more complex methods of planning and analysis ;
attention is mainly confined to the simpler types of experi-
mental arrangement with which medical workers are familiar.
Limitation of the discussion to that type must not be taken
to mean that it is the best form of experiment in a particular
case.

The essence of the problem in a simple experiment is, as
emphasised above, to ensure beforehand that, as far as is
possible, the control and treated groups are the same in all
relevant respects. The word “ relevant ’’ needs emphasis for
two reasong, First, it is obvious that no statistician, when
appealed to for help, can be aware of all the factors that are,
or may be, relevant in particular medical problems. From
general experience he may well be able to suggest certain
broad disturbing causes which should be considered in plan-
ning the experiment (such as age and sex in the example
above), but with factors which are narrowly specific to a
particular problem he cannot be expected to be familiar.
The onus of knowing what is likely to be relevant in a
specific problem must rest upon the experimenter, who is,
presumably, familiar with that narrow field. Thus, when the
statistician’s help is required it is his task to suggest means
of allowing for the disturbing causes, either in planning the
experiment or in analysing the results, and not, as a rule,
to determine what are the relevant disturbing causes. At
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the same time successful collaboration demands that the
statistician learn all he can of the problem at issue and the
experimenter (clinician, medical officer of health, ete.) all he
can of the statistical approach. Without substantial know-
ledge on both sides the blind may well lead the blind.

The second point that must be observed as regards the
equality of groups in all relevant respects is the caution that
must attend the interpretation of statistical results. If we
find that Group A differs from Group B in some character-
istic, say, its mortality-rate, can we be certain that that
difference is due to the fact that Group A was inoculated
(for example) and Group B was uninoculated ? Are we
certain that Group A does not differ from Group B in some
other character relevant to the issues as well as in the
presence or absence of inoculation ? Kor instance, in a
particular case, inoculated persons might, on the average,
belong to a higher social class than the uninoculated and
therefore live in surroundings in which the risk of infection
was less. We can never be certain that we have not over-
looked some relevant factor or that some factor is not present
which could not be foreseen or identified. Tt is because he
knows a complex chain of causation is so often involved that
the statistician is, as it appears to many persons, an unduly
cautious and sceptical individual.

Statistics in Clinical Medicine

The essence of an experiment in the treatment of a disease
lies in comparison. To the dictum of Helmholtz that * all
geience i8 measurement,”’ we should add, Sir Henry Dale has
pointed out, & further clause, that ** all true measurement is
essentially comparative.” On the other hand there is a
common catch-phrase that human beings are too variable
to allow of the contrasts inherent in a controlled trial of a
remedy. Yet if each patient is ~ unique 7 it is difficult to
see how any basis for treatment can be sought in the past
observations of other patients—upon which clinical medicine
is founded. In fact, of course, physicians must, and do, base
their “ treatment of choice ’ upon what they have seen
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happen before—whether it be in only two or three cases or
in a hundred.

However, thoagh, broadly speaking, human beings are
not, unique in their responses to some given treatment, there
is no doubt that they are likely to be variable, and sometimes
extremely variable. Two or three observations may, there-
fore, give, merely through the customary play of chance, a
favourable picture in the hands of one doctor, an unfavour-
able picture in the hands of another. As a result, the
medical journals become an arena for conflicting claims—
each in itself, mavbe, perfectly true of what the doctor saw
but insufficient to bear the weight of the generalisation placed
upon it.

Far, therefore, from arguing that the statistical approach
is tinpossible in the face of human variability, we must
realise that it is becawse of variability that it is often essential.
It does not follow, to meet another conimon criticism, that
it invariably demands large numbers. It may do so; it
depends upon the problem. But the responses to treatment
of a single patient are clearly a statement of fact—so far as
the observations were truly made and accurately recorded.
Indeed that single case may give, in certain circumstances,
evidence of vital importance.

If, for example, we were to use a new drug in a proved
case of acute lenkaemia and the patient made an immediate
and indisputable recovery, we should have a result of the
most profound importance. The reason underlying our
acceptance of merely one patient as illustrating a remarkable
event—not necessarily of cause and effect—is that long and
wide experience has shown that in their response to acute
leukaemia human beings are not variable. They one and all
fail to make immediate and indisputable recoveries. They
one and all die. Therefore, although it would clearly be
most unwise upon one case to pass from the particular to
the general, it would be sheer madness not to accept the
evideuce presented by it.

If, on the other hand, the drug were given to a patient
suffering from acute rheumatic fever and the patient made
an immediate and indisputable recovery, we have little basis
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for remark. That recovery may clearly have followed the
administration of the drug without the slightest probability
of a related cause and effect. With this disease human
beings are variable in their reactions—some may die, some
may have prolonged illnesses but recover eventually with
or without permanent damage, some may make immediate
and indisputable recoveries—whatever treatment we give
them. We must, therefore, have more cases before we can
reasonably draw inferences about cause and effect. We need
a statistical approach and a designed experiment (the details
are digcussed in Chapter XX).

While, therefore, in many instances we do need larger
numbers for a sound assessment of a situation. it certainly
does not follow — as is sometimes asserted — that the
statistician would have rejected some of the original and
fundamental observations in medicine on the grounds of
their small number. To take a specific example, fragilitas
osstum was originally described on two cases and this, a later
writer said, statisticians would regard as useless evidence.
But why should they ? 1f exact descriptions and illustrations
were given of these two cases, then. of course, they form part
of the body of scientific knowledge. They are undeniable
evidence of an occurrence. What can happen, what does
exist, quite regardless of the frequency of occurrence and
irrespective of causation or association, may be observed, as
already stated, even on a sample of one. It can only be in
relation to an appeal from the particular to the general that
a statistician —and, equally. any trained scientific worker—
could object. If on the basis of the two cases the clinician,
in practice, let us say, near the London meat market, should
argue that the condition was specific to butchers, then one
might suggest that the experience was too limited in size
and area to justify any such generalisation.

In short, there is, and can be, no magic number for either
clinician or statistician. Whether we need one, a hundred,
or a thousand observations turns upon the setting of our
problem and the inferences that we wish to draw.

It must be clear, too, that almost without statistics, and
certainly without accurate measurement, the mental, or

R



